Absfmct-Over the years many researchers have been investigating the area of M R P production planning and still is an area of high interest today. This paper look at production planning where there is unpredictable demands due to the type of product and market a company produces for. Production planning becomes diriicult when demand fluctuates unpredictably, and hence a historical sales forecast is used as the initial data for production planning. The sales from previous years, especially in a seasonal market,' don't necessarily correlate well to the curreut and future sales for the next year. A planner working in sucb environment would have himself frustrating to create a feasible production plan that not only needs to meet customer's demands but also to built u p the 'correct' amount of stock for that peak sell season.To overcome some of these problems, this paper describes a production planning methodology that can be implemented robustly and quickly. This paper has studied hvo multi-item lot-suing problems.
INTRODUCTION
Manufacturing companies with the MRP based production system are most likely to determine their production planning based on the forecasts for future demand. It is h o w n that accurate forecasts are generally available over initial periods. For the rest of the periods such figures are indeterminable. In the case of the company where this research is taken place, the forecast is predictable within a range of about one month. Yet for any future data the company would have to use the previous year forecast figures and perform production planning based on that. Due to the new arrival of informatiob previous schedules may need to be updated regularly to cope with the dynamical environment.
The production planning that involves lot sizing is an area of extensively research since the late 50's after a paper presented by Wagner-Whitin[l] , Where they proposed a method to solve an uncapacitated single item, single level economic lot size problem in O(n2) time. Their research objective was to schedule production over the planning [IO] uses dynamic programming to study the problem.
Although single-item is a hot topic of research and study, in a real manufacturing environment capacitated multi-item lot sizing problem (CLSP) with multi-period are expected.
There has also been a number literatures and researches in the area of multi-product but obtaining optimal or sometimes even feasible solution to the production planning problem still remains a challenging area of study.
Trigiero et al [I I] look at using lagrangian heuristic method to obtain a near optimal solution to a single-machine constraint model. It was shown that the lagrangian solutions are not always gives feasible solution Tempelmeier and Derstro [I21 developed a similar heuristic for a related model with multiple levels and multiple machines. Belvaux and Wolsey [I31 and Pochet and Wolsey [I41 have successfully using linear programming formulation and a mixed integer programming to solve the multi-item capacitated lot-sizing problem.
In this paper 2 production planning models with capacitated multi-item lot sizing is studied. The objective is to determine a production plan that minimizes the cost function that in context involves the setup cost, the production and holding cost. The demand data are assumed to be deterministic. That is due to the fact that the actual demand data are undeterminable in which we can model the problem using the stochastic programming, but why do we want to do that when the existing demand forecast data is already takiig into account the stochastic behavior, and these data are the actual sale data of previous year therefore they would be likely to be more accurate. on a particular production line, m..M, over the planning period, t..T. and setup time resource constraint should be eositive. The objective equation (1) implies that we would like to minimize the sum of production costs, the inventoly holding costs and the setup cost for each item, i..N, produce
Decision Variables
The constraint equation (4) means that &e production and setup time resource constraint should not exceed the maximum time capacity available. The constraint (5) processing time of each product should be less than that of the total capacity time. Constraint ( 6 ) states that initial inventory is the current on hand data for all products.
-
The constraint (7) implies that whether to setup (yi, = 1) or not to setup bit = 0).
The constraint (8) prevents backlogging in the system.
THE PLANNING MODEL 2
The linear programming formulation of the capacitated production lines, multi-item lot-sizing problem with setup time for the planning model 2 is represent as equation (8) through (16) below. In this planning model we've extend our planning model 1 to include a semi-continuous variable on OUT production variable X,v This semi-continuous variable will allow Xi, equals to 0 or a value that meets the minimum built, Kj,, requirement. subject to:
In the planning model 2 K, is the minimum built value for product i in period t and Li, is the maximum built value for product i in period t. This values means that, when there's a production for a particular product i, it has to build at least the minimum built quantity but not greater than maximum built.
In the planning model 2 a new constraint (13) was added. The constraints (13) simply state the variable Xi, is a semicontinuous variable that takes the value zero and bound by and upper and lower constraint and B respectively.
IV. THE SOLVER
Well it's not worth to waste time and effoit to reinventing the wheel when there are so many commercial as well as freely software and source codes available out there. In this paper a MIP Ip-solve version 4 freeware solver package is used to studied the two planning models as discussed previously. Lp-solve is a simplex algorithm based solver, it uses branch and bound techniques to solve MILP problems.
V. IMPLEMENTATION
In this paper a IO products, 2 production lines and 12 periods time-line problem is studied. The problems studied assumed that planning period started from December (Period 1) and ended on the November (Period 12). It was also assumed that production line only produced product that they're been designed for, this means that product made on this production line cannot be produce on the other production line (this is the case in the company where this project is under taken). Curtis-Reid scaling are use in the solver to solve the problems.
A) The Planning Model I + 2 Input Table I shows the demand forecast of 10 products over 12 periods.
The initial inventory data (Iimo), minimum build data (Ki,), maximum build data (La) processing time per unit product (pim) and setup time (si,,,) for 10 products are shown in table I1 below. The table I1 also shows the production (CiJ, inventory holding (Hi,) and setup (Sa) cost respectively.
The production line time capacity data (B,,) and upper bound processing time (bit) are shown in table 111. 
VI. RESULTS
The results obtained earn Ip-solve for planning model 1 and planning model 2 running for 3 minutes are shown in . the below section respectively.
A ) The Planning Model I
The expected production and inventory values for the first planning model are given in table IV and table V respectively. This model contains 370 variables; with 120 integer, 288 constrainb and 1441 non-zeros value. The objective function cost found for this model was $392,976.
From table N below it can be seen that the production data has been shifled forward and rearranged in a way to not only meet customer demand, but minimizes the sum of production costs, the inventory holding costs and the setup cost. It can be seen that there are many zeros in table N and this must be due to a high setup cost where lp-solve is avoiding setup by making large batches. Figure 1 and Figure 2 shows the data for a high volume product (1 13 11) respectively.
From Figure 1 it can be seen that production data is relatively high and it seems that every production covers approximately 2 months of demands. It can be seen ftom Figure 2 that the ending inventory are quite high in some periods. This isn't a problem, since the production cost to produce one of these units as well as the cost to hold this item in inventory is low. 
B) The Planning Model 2
The production and inventory results obtained kom lp-solve for model 2 is shown in table VI and table VI1 below. This model contains 370 variables; with 120 integer, 408 constraints, 120 semi-continuous and 1441 non-zeros value. The objective value found for this model was 5373,l IO.
From table VI it is notice that similar behavior to the data of table IV. As it can be seen the data has been shuffled and rearranged until an optimal solution is obtained. That is when the setup cost is the dominant cost, the algorithm hies to schedule production at the earliest date in a large batch size, and thus preventing regular setnp and its associated cost. Figure 3 and figure 4 are shown respectively for a high volume product (11311).
From figure 3 it can be seen that there was no production on the fxst period (December), since the initial on hand inventory were more than enough to cover that period. In period three to period seven productions was based on a leveling demand strategy. Then fiom period eight to period twelve the Ip-solve simplex algorithm create production based on a chased demand production system behavior. This behavior was clearly seen in the stock level by period plot on Figure 4 . In Figure 4 , it can also be seen Ihat stock level for this product was kept to a level that gives a reasonable holding cost that contribute to reducing the overall cost. From the results obtained for the planning model 1 and planning model 2, the objective function is $392,976 and $373,110 respectively. This is not initially expected, since in planning model 1 the production batch size can be any value within the upper and lower bound region, as long as it meets demand data, hence it is expected that the objective cost would be lower. In planning model 2, however, production not only has to meet the demand requirement, it also needs to meet the minimum build requirement. Hence it has to produce a higher batch size that should results in a higher objective cost than model 1. The reason why the results contradict the expectation was due to the penalty variable (bJ in the constraint ( 5 ) of model 1. If this variable is a large value then the convergence rate is slower and the objective value will be slightly higher. If b,, is a lower value then the problem becomes infeasible. The other reason is that, since the available production time resources are so high, which also makes this problem highly feasible with large search space, therefore it would require a reasonable long length of time for the algorithm to get the optimum. In model 2 the semi-continuous bounding constraint (13) restrict the integer solution bound of the problem, hence it narrow the search space which makes Ip-solve converge quicker to the lower objective value. The above results were obtained for a three-minute execution time and the returned values are the current best iteration results in that three-minute time frame. The point we try to express here is that if the time out flag is set longer then a better objective function will be obtained. But the a i m is not to fmd the absolute minimum objective values, but to study the models and the effect of constraints and input variables to the whole model system.
VII. CONCLUSION
This paper studies a multi-period CLSP problem and in particular we've studied two lot-sizing production planning problem.
The f m t planning model involves minimizing the production, inventory holding and setup cost as the objective function. This is done by determining the production quantities in every period, for the two production lines, in order to minimize the objective function. We've obtained a solution of $392,976 using the Ip-solve solver.
The second planning model extends the fust model by adding the semi-continuous consrraint variables into the problem. This semi-continuous is for the minimum build requirement, that is when there is a production we need to built at lease the minimum build requirement or greater or don't build anything at all. We've obtained a minimum objective function of $373,110 for this model.
The objective function for planning model 2 is lower than the first planning model; this is since in the planning model 2, bener integer bounding was added which narrow the solution space, providing the solution space to converge faster.
In our study we've seen that when the setup cost is high production should schedule to an earliest day at a large quantity, this reduces the number of setup hence resulting in a reduction of the setup cost function. This doesn't mean that we start off by producing large amount of stock, this will cause unstable in the system, as build large amount of stock in initial period means that stock will be held longer in the ware house which rake the inventory cost, Although this is expected, in practice we required a production planning tool that could be operated and executed quickly in order to assess changes in production and demand conditions. This paper highlights a planning tool that can meet these requirements.
